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(54) Bearing case support arrangement 

(57) A turbomachine has an improved support for 
the bearing case thereof; one end of the turbomachine 
housing (40) is rigidly supported by a support member 
(60) while the second end is supported at the inboard 
end of a bearing case (66), the bearing case inboard 
end being supported by an inboard support (86) which 
permits horizontal movement of the bearing case (66) 
in a direction parallel to the turbomachine shaft. The 
bearing case also has an outboard support (121), has 
a flange (12) on which the bearing case (66) rests and 
a base connected to and positioned below the flange. 
The flange (12) contains flange bores (18) through 
which rods (20) pass, the rods being attached on their 
first end (24) to and protruding downwardly from the 



bearing case (66). The rods (20) are optionally prevent- 
ed from moving upwardly through the flange bores (18) 
by a retainer, such as a nut (26) or nut and washer com- 
bination, which is attached to the rod's second end; the 
retainer (26) being mounted on the rod (20) so that a 
gap (30) is created between the upper surface (32) of 
the retainer and the bottom surface (28) of the flange 
(12). The gap (30) permits limited upward vertical move- 
ment of the bearing case (66). In this manner, the out- 
board support element (121 ) maintains the alignment of 
the bearing case with the turbine shaft during operation 
of the turbomachine at elevated temperatures when dif- 
ferential heating of the various supports causes them to 
undergo unequal vertical expansions. 
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Description 

This invention relates to a turbomachine having a 
bearing case supported so that the orientation of the 
bearing case with respect to the turbomachine shaft 5 
does not change despite temperature changes occur- 
ring during operation of the turbomachine and differen- 
tial heating of the supporting apparatus. 

Turbines which are utilized with hot fluids experi- 
ence dimensional changes during the operation of the 10 
turbine as a result of substantial temperature changes 
in the components of the turbine. For example, during 
operation, portions of a steam turbine can reach tem- 
peratures which are sufficiently elevated that the elon- 
gated components, such as the turbine shaft and the is 
turbine case, experience substantial increases in their 
length. As a result, this must be taken into account in 
designing the mechanical support for the turbine. One 
technique has been to provide a bearing case at one 
end of the turbine shaft, with the bearing case being 20 
mounted on flexible supports, while the other end of the 
turbine shaft is mounted on fixed supports. In one such 
system, each of the four corners of the bearing case is 
mounted on a flex plate support having one or more ver- 
tical plates which provide vertical support, but which flex 2s 
relatively easily in a direction parallel to the longitudinal 
axis of the turbine shaft. However, the inboard end of 
the bearing case, i.e., adjacent to the turbine casing, ex- 
periences operating temperatures which are substan- 
tially higher than the operating temperatures of the out- 30 
board end of the bearing case, i.e., remote from the tur- 
bine casing. This difference in operating temperatures 
results in the two flex plate supports at the inboard end 
of the bearing case experiencing greater thermal expan- 
sion than the two flex plate supports at the outboard end 35 
of the bearing case. This causes the elevation of the in- 
board end of the bearing case to become higher than 
the elevation of the outboard end of the bearing case, 
resulting in a deviation in the orientation of the bearing 
case with respect to the longitudinal axis of the turbine 40 
shaft. This deviation in orientation can cause severe 
damage to the bearings as well as to other parts which 
become misaligned with the turbine shaft as a result of 
the deviation. 

Accordingly, there is a need for providing for axial 45 
expansion of a turbomachine during operation while 
avoiding deviations in the orientation of the turbine shaft 
with respect to the support bearings for the turbine shaft, 
and to other components positioned by the bearing 
case. so 

The present invention relates to a support for a 
weight. The support includes a flange having a flange 
bore with a flange bore width. The support also includes 
a base connected to and positioned below the flange 
and a rod having a diameter less than the flange bore ss 
width. The rod has a first end attached to the weight and 
a second end protruding downwardly from the weight's 
bottom surface and through the flange bore so that the 
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flange is moveable relative to the weight. 

The invention also relates to a turbomachine. The 
turbomachine includes a housing containing a rotor with 
a longitudinally-extending shaft and a bearing case con- 
taining a bearing to support the shaft and positioned ad- 
jacent to the housing. The turbomachine also includes 
a support system positioned beneath the bearing case. 
The support system includes a flange which supporting- 
ly contacts the bearing case. The flange contains a 
flange bore which has a flange bore width. The support 
system also includes a base connected to and posi- 
tioned below the flange and a rod having a diameter less 
than the flange bore width. The rod has a first end at- 
tached to the bearing case and a second end protruding 
downwardly from the bearing case and through the 
flange bore, thus permitting movement of the flange rel- 
ative to the bearing case. 

Using the supports of the present invention, tipping 
of the supported weight resulting from differential ther- 
mal expansion of the supports can be significantly re- 
duced. This is particularly important where the weight 
being supported is a bearing case which supports a lon- 
gitudinal shaft, such as those employed in turboma- 
chines. 

Embodiments of the present invention will now be 
described by way of example with reference to the ac- 
companying drawings, in which: 

Figure 1 is a side view of a support system for a 
weight according to the present invention. 

Figure 2 is an enlarged side cross-sectional view of 
the upper portion of the support system of Figure 1 . 

Figure 3 is an enlarged side cross-sectional view of 
an alternative embodiment of a retainer having a con- 
figuration in accordance with the present invention. 

Figure 4 is an enlarged side cross-sectional view of 
an alternative embodiment of the support in accordance 
with the present invention. 

Figure 5 is a top cross-sectional view of a support 
in accordance with the present invention taken along 
line A-A of Figure 4. 

Figure 6 is a side view of a turbomachine in accord- 
ance with the present invention. 

Figure 7 is an enlarged side view of the turboma- 
chine of Figure 6 in accordance with the present inven- 
tion showing the bearing case and its supports. 

Figure 8 is a top view of the bearing case of Figure 
7 with the turning gear mechanism omitted for clarity. 

Figure 9 is an inboard end view of the bearing case 
of Figure 7. 

Figure 10 is an outboard end view of the bearing 
case of Figure 7. 

Figure 11 is a partial cross-sectional view of the 
bearing case along a vertical plane containing the shaft 
axis. 

Figure 12 is an enlarged side cross-sectional view 
of the alternative embodiment of the support in accord- 
ance with the present invention. 

Figure 1 is a side view of a support system for a 
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weight 2 The support system contains a plurality of sup- 
ports at least one of which is sliding support 4 according 
to the present invention. One or more rigid supports 6 
can optionally be used in conjunction with sliding sup- 
port 4. 

Sliding support 4 comprises base 8 which is con- 
nected to and positioned below flange 1 2. Base 8 is pref- 
erably rigidly attached, such as with bolts 14, to founda- 
tion 10. Rigid supports 6, when employed in the support 
system, are also rigidly attached to foundation 10, such 
as with bolts 16. Sliding support 4 is positioned toward 
the end of weight 2 where conditions tend to cause min- 
imum vertical expansion or maximum vertical contrac- 
tion of the support. Thus, for example, when rigid sup- 
port 6 expands, such as when it is differentially heated 
relative to sliding support 4, sliding support 4 permits 
vertical movement of weight 2 relative to foundation 10 
rather than restricting its vertical movement, as would 
be the case if support 4 were a rigid support, like support 
6. 

As shown in Figure 2, flange 12 has flange bore 18 
(or a plurality of flange bores 18). The cross-sectional 
shape of flange bore 18 is not critical; suitable shapes 
include circular, square, rectangular, oval, or elongated 
(as depicted in Figure 5). The flange bore has a flange 
bore width equal to the diameter of the largest possible 
circle inscribed in the cross-section of flange bore 18. 
Support 4 further comprises rod 20 having a diameter 
less than the flange bore width. Rod 20 has a first end 
which is attached to weight 2's bottom surface 22 and 
a second end protruding downwardly from weight 2's 
bottom surface 22 and through flange bore 18. Rod 20 
can be attached to weight 2's bottom surface 22 by any 
means which rigidly fixes rod 20 and weight 2. In the 
embodiment depicted in Figure 2, weight 2 contains 
tapped hole 24 into which rod 20, threaded on its first 
end, is screwed. Other suitable ways for attachment in- 
clude welding, brazing, soldering, gluing, epoxying, 
press fitting, and casting or machining weight 2 so that 
rod 20 is an integral part of weight 2. 

As shown in Figures 2-4, support 4 can optionally 
further comprise retainer 26 attached to the second end 
of rod 20. Retainer 26 has a shape and is positioned so 
that it cannot pass vertically upward through flange bore 
18. Retainer26 is also positioned so that, in the absence 
of differential heating of the supports, it does not contact 
flange 12 s bottom surface 28 but rather forms gap 30 
between retainer 26's top surface 32 and flange 12's 
bottom surface 28. In this arrangement, gap 30 permits 
weight 2 to lift off flange 12 when sliding support 4 ex- 
pands less than or contracts more than other supports 
in the support system, such as, for example, rigid sup- 
port 6. Gap 30 is sized based on the expected amount 
of differential contraction or expansion of the supports. 
If, unexpectedly, a greater amount of vertical movement 
of weight 2 occurred (such as an unexpectedly large de- 
gree of differential expansion or contraction of the sup- 
ports), retainer 26 would prevent such excessive vertical 



movement of weight 2. 

In Figure 2, retainer 26 is depicted as a threaded 
nut which is threaded onto the second end of rod 20, 
which is likewise threaded. Threaded nut 26 has an out - 
5 side diameter greater than the width of flange bore 18 
to prevent passage of threaded nut 26 vertically upward 
through flange bore 18. As one skilled in the art will ap- 
preciate, however, there are a variety of ways to attach 
retainer 26 to rod 20, including welding, brazing, solder- 
10 ing, gluing, epoxying, press fitting, and casting or ma- 
chining rod 20 so it is integral with retainer 26. 

In another embodiment, depicted in Figure 3, retain- 
er 26 can be a washer. In this case, washer 26 has an 
outside diameter greater than the width of flange bore 
75 18 so that passage of washer 26 vertically upward 
through flange bore 18 is restricted. Washer 26 is 
mounted on rod 20 in a position to form gap 30 and is 
held there in position by threaded nut 34 : which is like- 
wise mounted on rod 20. Nut 34 can be replaced with 
20 any means for fixing the position of washer 26 on rod 
20, such as, for example, a cotter pin or similar device 
passing radially through rod 20, a clevis pin or similar 
device secured in a groove cut circumferentially in rod 
20, or a friction fit cap fitted on the second end of rod 20. 
25 As shown in Figure 4, support 4 of the present in- 
vention can optionally further comprise spacer 36 
mounted on rod 20 and inside flange bore 18. Spacer 
36 is fitted between retainer 26 and weight 2 and has a 
length greater than the thickness of flange 12. Spacer 
30 36 is preferably clamped against weight 2 by retainer 
26. When, as depicted in Figure 4, retainer 26 is a wash- 
er held in position by threaded nut 34 mounted on rod 
20, spacer 36 can be clamped against weight 2 by tight- 
ening threaded nut 34. As one skilled in the art will note, 
55 the difference between the length of spacer 36 and the 
thickness of flange 12 defines the size of gap 30. In this 
manner, use of spacer 36 permits precise sizing of gap 
30. 

As depicted in Figure 5, which presents a cross sec- 
tion taken across line A-A in Figure 4, spacer 36 can be 
of any shape or width, so long as it fits in the annular 
space defined by flange bore 18 and rod 20. Conven- 
iently, spacer 36 can have a circular cross-section hav- 
ing an inside diameter greater than the diameter of rod 
45 20 to form gap 21 and having an outside diameter less 
than the width of flange bore 18. 

The design of support 4 permits vertical upward 
movement of weight 2 relative to flange 12 to the extent 
allowed by retainer 26. In operation, if vertical growth of 
50 another support (e.g. rigid support 6) were to cause ver- 
tical movement of weight 2, support 4 would permit 
weight 2 to lift off flange 12. In this manner, the orienta- 
tion of weight 2 relative to foundation 10 is not changed 
by the expansion of other supports (e.g., rigid support 
55 6) in the support system. 

The design of support 4 has an additional advan- 
tage. Since flange 12 is not clamped to weight 2, to the 
extent that the diameter of rod 20 (or in the case where 
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spacer 36 is used, to the extent that the outside diameter 
of spacer 36) is less than the width of flange bore 18, 
horizontal movement of weight 2 relative to support 4 is 
not resisted by support 4, except by sliding friction. The 
amount of unrestrained horizontal movement of weight 
2 can be controlled by varying the diameter of rod 20, 
the diameter of spacer 36, the cross-sectional shape 
and dimensions of flange bore 18, or combinations of 
these. When one component of horizontal movement is 
desired but the perpendicular horizontal component is 
preferably restrained, flange bores 18, elongated in the 
direction of the desired horizontal movement, such as 
those depicted in Figure 5 : can be used. 

Although all of the aforementioned figures have 
shown weight 2 mounted on flange 12 by one or two rod 
and flange bore pairs, as one skilled in the art will rec- 
ognize, the inventions depicted therein can be practiced 
with any number of rod and flange bore pairs. Preferably 
flange bores 18 are distributed evenly about flange 12 
to disperse the potential upward force of retainers 26 on 
flange 12 in the event of unexpected upward vertical 
movement of weight 2. 

Furthermore, the depiction in Figure 1 of two sup- 
ports is not to be construed as a limitation. Nor is it in- 
tended that Figure 1's having only one sliding support 
have significance other than as an illustrative example. 
The number and arrangement of sliding and rigid sup- 
ports, is generally dictated by the application to which 
the support system is to be put. Typically an arrange- 
ment of three or four supports is preferred, typically 
placed at the corners of the weight being supported. In 
some cases, only one or two of these need be the sliding 
supports of the present invention. Generally, a minimum 
of one sliding support is needed in systems employing 
three supports. The minimum number of sliding sup- 
ports for systems employing four supports is two. 

The supports of the present invention are particu- 
larly useful to support turbomachines, as described be- 
low. 

Figure 6 is a side view of a turbomachine according 
to the present invention. The turbomachine has a hous- 
ing 40 which includes lower half housing 42 and upper 
half housing 44 joined together along their mating later- 
ally extending flanges 46 and 48 to enclose longitudi- 
nally-extending shaft 50 and other internal turbine com- 
ponents (not shown) including a rotor (not shown) axially 
connected with shaft 50 (shown in Figures 9 and 11). 
High pressure steam inlet 52 is provided in the first or 
high pressure inlet end portion 58 of the housing 40, 
while a low pressure exhaust steam outlet 56 is provided 
in the second or low pressure exhaust end portion 54 of 
housing 40. Exhaust end portion 54 of lower half hous- 
ing 42 is rigidly supported by a pair of vertical supports 
60 located on opposite sides of lower half housing 42 
and fixed to foundation 62 by bolts 64. Inlet end portion 
58 of housing 40 is supported via bearing case 66 so 
that any increase in the length of housing 40 along the 
longitudinal axis of shaft 50 is accommodated by the 



flexibly supported bearing case 66. 

Bearing case 66 has an upper half case 68 and a 
lower half case 70 joined together along their mating lat- 
erally extending flanges 72 and 74 to enclose a suitable 
5 journal bearing 76 and thrust bearings 78 and 80 for 
shaft 50 as well as at least substantially enclosing an 
end portion of the shaft 50 (shown in Figure 1 1 ). A turn- 
ing gear mechanism 82 can be mounted on the end of 
bearing case 66 remote from the turbine housing 40. 
Turning gear mechanism 82 can be utilized to engage 
shaft 50 for rotation of shaft 50 at a low rate during star- 
tup operations and also during cool down operations af- 
ter the turbomachine components have been heated to 
elevated operating temperatures, in order to avoid dis- 
tortions in shaft 50 and the other rotary components. 

As shown in Figures 7-10, inboard end portion 84, 
which is the end portion of bearing case 66 closest to 
turbine housing 40, is mounted on a pair of inboard sup- 
ports 86 and 88. Each of inboard supports 86 and 88 
comprises two vertically extending plates 90 and 92 
having their lower ends secured to lower mounting plate 
94 and their upper ends secured to upper mounting 
plate 96. The lower mounting plate 94 is fixed to foun- 
dation 98 by bolts 100. Two inboard lugs 102 extend hor- 
izontally outwardly from opposite sides of inboard end 
portion 84 of lower half bearing case 70, with each in- 
board lug 102 being positioned on the top surface of a 
respective upper mounting plate 96. The upper surfaces 
of inboard lugs 102 are in a horizontal plane which also 
contains the longitudinal axis of shaft 50. Each inboard 
lug 102 has key way 1 04 formed in its upper surface, with 
keyway 104 extending radially outwardly from the lon- 
gitudinal axis of shaft 50. Each upper mounting plate 96 
is secured to the respective inboard lug 102 by bolts 
106. Each inboard lug 102 represents the distal end of 
a support arm 108 which is part of lower half bearing 
case 70. A pair of arms 110 extend outwardly from the 
inlet end of lower half housing 42 to rest on inboard lugs 
102. A keyway 112 is formed in the lower surface of each 
of arms 110 so that a key 114 is received within mating 
keyways 104 and 112. Key 114 maintains the alignment 
of the inboard lug 102 and arm 110 in a direction sub- 
stantially parallel to the longitudinal axis of shaft 50, 
while permitting relative movement between arm 110 
and inboard lug 1 02 in a direction radial to the longitu- 
dinal axis of shaft 50. 

Inlet end portion 58 of housing 40 is supported by 
the inboard end portion 84 of bearing case 66 at the ma- 
chine centerline, i.e., the horizontal line extending 
through the longitudinal axis of shaft 50. This centerline 
support of the turbine housing 40 means that the cen- 
terline of the turbine housing 40 will remain coincident 
with the centerline of shaft 50 as temperature changes 
occur. Since any alteration of the relationship between 
housing 40 and shaft 50 is avoided, there is no need to 
have other means of moving housing 40 in the vertical 
direction to maintain a proper vertical relationship be- 
tween housing 40 and shaft 50 when temperature 
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changes occur. 

Each of plates 90 and 92 is positioned with its width 

being substantially perpendiculartothe longitudinal axis 
of shaft 50, while the thickness of each of plates 90 and 
92, which extends parallel to the longitudinal axis of 
shaft SO, is substantially smaller than the width of each 
of plates 90 and 92. Plates 90 and 92 have enough 
strength to provide vertical support of bearing case 66 
and inlet end portion 58 of housing 40, but the thickness 
of each of plates 90 and 92 is such that plates 90 and 
92 will flex relatively readily in a direction parallel with 
the longitudinal axis of shaft SO, so that changes in the 
length of housing 40, resulting from exposure thereof to 
hot fluid, are readily accommodated by such flexing of 
plates 90 and 92. While each inboard support 86 and 
88 is illustrated as being formed of two flex plates 90 
and 92, each inboard support 86 and 88 can be formed 
of a single flex plate or of three or more flex plates Any 
suitable means, e.g., welding, can be employed to se- 
cure the ends of flex plates 90 and 92 to lower mounting 
plate 94 and to upper mounting plate 96. 

As shown in Figure 11 , bearing case 66 contains an 
annular journal bearing 76, e.g., a tilt pad bearing a 
sleeve bearing, etc., which surrounds and is concentric 

InTST^*" S ° l ° Pr ° Vide radial bearin 9 su PP°t tor 
shaft 50. Thrust collar 116 extends radially outwardly 

from shaft 50 and is positioned between annular thrust 
bearings 78 and 80, also located in bearing case 66 
Thrust collar 116 moves with bearing case 66 as turbine 
housing 40 grows/shrinks longitudinally due to temper- 
ature changes. Clutch 118 is positioned to engage/dis- 
engage the end of shaft 50 with turning gear mechanism 



82 

While the inboard support elements have been il- 
lustrated as flex plate supports, any other known sup- 
port element, suitable for permitting axial movement of 
the bearing case, can be employed 

As shown in Figures 7, 8, and 10, outboard end por- 
tion 120 of bearing case 66, which is the end portion of 
bearing case 66 remote from housing 40, is supported 
on a pair of outboard supports 121 and 122. Each of 
outboard supports 121 and 122 comprises flange 12 
and base 126. Flange 12 and base 126 are connected 
by a vertically extending outboard vertical support mem- 
ber 128, the lower end of which is secured to base 126 
and the upper end of which is secured to flange 1 2 Base 
1 26 is fixed to foundation 98 by bolts 1 29. Two outboard 
lugs 2 extend horizontally outwardly from opposite sides 
of outboard end portion 120 of the lower half bearing 
case 70, with each outboard lug 2 in contact with and 
supported by the top surface of flanges 12. Each out- 
board lug 2 represents the distal end of outboard sup- 
port arm 1 32 which is part of the lower half bearing case 

Referring now to Figure 2, flange 12 has flange 
bores 18 extending vertically through flange 12. A rod 
20, having a diameter less than the width of flange bore 
18, attached at its first end to outboard lug 2 of bearing 



case 66, protrudes downwardly from the lower surface 
of outboard lug 2 and through flange bore 18. 

During operation of the turbomachine, the temper- 
atu re of inboard end portion 84 of bearing case 66 be- 
comes greater than the temperature of outboard end 
portion 120 of bearing case 66. This results in the tem- 
perature of inboard supports 86 and 88 becoming great- 
er than the temperature of outboard supports 121 and 
,n If 2 ' ThG increase in temperature of flex plates 90 and 
92 results in an increase in their vertical length and thus 
an increase in the vertical height of inboard end portion 
84 of bearing case 66, as represented by the vertical 
position of inboard lugs 102. Although the operating 
temperatures of outboard supports 121 and 122 result 
in an increase in the vertical length of outboard vertical 
support member 128, such increase is less than the in- 
crease in the vertical length of flex plates 90 and 92 The 
greater expansion of inboard supports 86 and 88 rela- 
live to the outboard supports 121 and 122, may cause' 
bearing case 66 to move upward relative to flange 12 
on which it normally rests through outboard support arm 
132 and outboard lug 2. Since rod 20 is free to move 
vertically upward relative to flange 12, the lower surface 
of outboard lug 2 responds to the expansion of inboard 
supports 86 and 88 by lifting off flange 12. Thus, during 
operation of the turbomachine at elevated tempera- 
tures, the end portion of shaft 50 enclosed by bearing 
case 66 is maintained in alignment with the centerline 
of bearing case 66. 
30 During a cool down operation of the turbomachine 
following an operation at elevated temperatures the 
temperature of inboard end portion 84 of bearing case 
66 decreases, resulting in a corresponding decrease in 
the temperature of inboard supports 86 and 88 As a 
3S result, the vertical height of inboard end portion 84 of 
bearing case 66, as represented by the vertical height 
of inboard lugs 1 02, decreases. The decrease in vertical 
height of inboard end portion 84 may result in a corre- 
spending decrease in the vertical height of outboard end 
40 portion 120 of bearing case 66. Since this decrease is 
greater than any decrease in the length of outboard sug- 
ports 121 and 122, outboard lugs 2 move downward rel- 
ative to flange 12 until the lower surface of lug 2 is once 
again supportingly contacted with flange 1 2. According- 
ly during a cool down operation, the end portion of shaft 
SO enclosed by bearing case 66 is maintained in align- 
ment with the centerline of bearing case 66. 

Horizontal movement of the bearing case is re- 
strained by rod 20 engaging the walls of flange bore 18 
To ensure that undesirable horizontal motion is re- 
strained when outboard lug 2 has lifted off flange 12, rod 
20 should extend downward from the bottom surface of 
lug 2 at least a distance sufficient to prevent lower end 
of rod 20 from disengaging from flange bore 1 8. 

To prevent some event from causing lug 2 to move 
vertically upward an unexpected distance sufficient to 
disengage rod 20 from flange bore 18, outboard sup- 
ports 121 and 122 can optionally further comprise re- 
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tainer 26. Retainer 26 is attached to the second end of 
rod 20 and is configured and positioned so that it cannot 
pass vertically upward through flange bore 18. As illus- 
trated in Figure 2, retainer 26 can be a threaded nut 
mounted on the second end of rod 20 and having an 
outside diameter greater than the width of flange bore 
18. Alternatively, as depicted in Figure 3, retainer 26 can 
be a washer having an outside diameter greater than 
the width of flange bore 18. The washer has an inside 
diameter greater than the diameter of rod 20, is mounted 
on rod 20, and is held in position with threaded nut 34. 

As shown in Figure 2, retainer 26 is positioned on 
rod 20 to create gap 30 between retainer 26's upper sur- 
face and flange 12's lower surface. The size of gap 30 
should be sufficiently large to accommodate normal ver- 
tical movement of lug 2 (previously referred to in dis- 
cussing Figures 1-4 as weight 2) relative to flange 12. 
Such movement is caused by differential thermal expan- 
sion, as discussed above, or by other normal lifting forc- 
es, such as centering forces from engagement of the 
turning gear clutch 118. If bearing case 66 were to lift 
unexpectedly more than the size of gap 30, retainer 26 
would restrain such movement once it exceeded the 
size of gap 30. 

Turning now to Figure 4, the turbomachine of the 
present invention can optionally further comprise a 
spacer 36 mounted on rod 20 and inside flange bore 18. 
Spacer 36 is fitted between retainer 26 and the lower 
surface of outboard lug 2 and has a length greater than 
the thickness of flange 12. Spacer 36 is preferably 
clamped against the lower surface of outboard lug 2 by 
retainer 26. When, as depicted in Figure 4, retainer 26 
is a washer held in position by threaded nut 34 mounted 
on rod 20, spacer 36 can be clamped against the lower 
surface of outboard lug 2 by tightening threaded nut 34. 
As one skilled in the art will note, the difference between 
the length of spacer 36 and the thickness of flange 12 
defines the size of gap 30. In this manner, selection of 
a particular length of spacer 36 permits precise sizing 
of gap 30 and allows the size of gap 30 to be easily 
changed. 

If it becomes desirable to completely restrict vertical 
movement of the outboard lug 2 relative to flange 12, in 
cases where no spacer is employed and the retainer is 
a nut (as depicted in Figure 2) or a washer secured by 
a nut (as depicted in Figure 3), vertical immobilization 
can be effected simply by tightening nut 26 or 34 to urge 
retainer 26 against the lower surface of flange 12 thus 
drawing outboard lug 2 (through rod 20) downward and 
against the upper surface of flange 12. 

Where a spacer is employed, vertical immobiliza- 
tion can be effected by introducing a shim having a thick- 
ness greater than the size of gap 30 between the upper 
surface of retainer 26 and the lower surface of flange 1 2 
and tightening retainer 26 (in the case where retainer 
26 is a threaded nut) or nut 34 securing retainer 26 (in 
the case where the retainer is a washer). 

Alternatively, again in cases where spacers are em- 
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ployed, retainer 26 can be constructed such that it is one 
with the shim. For example, in cases where retainer 26 
is a washer, washer 26 can have protrusion 27 on one 
of its faces as depicted in Figures 4 and 12. Protrusion 
s 27 should extend beyond the washer face a height 
greater than the size of gap 30. Further, protrusion 27 
should be positioned on the face of washer 26 so that it 
does not obstruct rotation of nut 34 when washer 26 is 
oriented with protrusion 27 facing away from flange 12, 
10 as illustrated in Figure 4. In addition, protrusion 27 
should be positioned so that it does not contact spacer 
36 when washer 26, oriented with protrusion 27 facing 
toward flange 12, as depicted in Figure 12, is drawn up- 
ward along rod 20 toward the lower surface of flange 1 2. 

Referring to Figure 4, in normal operation of the 
support, the face of washer 26 having protrusion 27 fac- 
es away from flange 12 and toward nut 34. In this mode, 
tightening nut 34 draws retainer 26 against spacer 36, 
thereby clamping retainer 26 and spacer 36 against out- 
board lug 2, and permitting vertical upward movement 
of outboard lug 2 relative to flange 12 to the extent of 
the size of gap 30. 

Referring now to Figure 12, when it is desired that 
outboard lug 2 be clamped to flange 12 to prevent rela- 
tive vertical movement, as might be the case during 
transportation of the turbomachine, washer 26 and nut 
34 are removed, and washer 26 is flipped over so that 
the face of washer 26 having protrusion 27 faces the 
bottom surface of flange 12 Tightening nut 34 draws 
washer 26 upward until protrusion 27, having a height 
greater than the length of spacer 36 less the thickness 
of flange 1 2, is urged against the lower surface of flange 
12, thus clamping the lower surface of outboard lug 2 
against the upper surface of flange 12. 

In cases where retainer 26 is a threaded nut, immo- 
bilization also can be effected by providing the nut with 
a protrusion on one of its faces. Design considerations 
of such a nut are the same as those discussed above 
with regard to protrusion-containing washer retainers. 

As indicated above, the operating temperatures of 
the turbomachine also result in an increase in the length 
of shaft 50 and the length of housing 40 in a direction 
parallel to the longitudinal axis of shaft 50. As the low 
pressure exhaust end portion 54 of housing 40 is mount- 
ed on vertical supports 60 which prevent longitudinal 
movement of the low pressure exhaust end portion 54 
of housing 40, any increase in axial length of housing 
40 appears at the inboard end portion 84 of bearing case 
66. This causes flex plates 90 and 92 to flex to the right, 
as viewed in Figure 7, thereby causing bearing case 66, 
outboard support arm 132, and outboard lug 2 to also 
move to the right. This longitudinal expansion can be 
accommodated by flange bores 18 elongated in the di- 
rection parallel to shaft 50 (see Figure 5). Since, in nor- 
mal operation, outboard support 121 is not clamped to 
bearing case 66, longitudinal movement of bearing case 
66 relative to the outboard support 121 would require 
only overcoming sliding friction between outboard lug 2 
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and flange 1 2, the magnitude of which would be reduced 
at operating temperatures when outboard lug 2 has lift- 
ed off flange 12. Consequently, although outboard ver- 
tical support members 128 of outboard supports 121 
have been depicted as having construction similar to 
that of flex plates 90 and 92 of inboard supports 86 and 
88, they can be designed to resist flexing. 

Other than as described above, the positions of the 
various supports are not critical to the operation of the 
present invention. For example, vertical supports 60, 
depicted in Figure 6 as being inboard of exhaust steam 
outlet 56, can : alternatively, be positioned outboard of 
exhaust steam outlet 56 or under exhaust end bearing 
housing 55. Likewise, the exact position of outboard 
supports 121 is not critical. However in some cases, de- 
pending on the position of outboard supports 121 and 
the weight and weight distribution of the various compo- 
nents of turbine housing 40, bearing case 66, and turn- 
ing gear mechanism 82, it may be advantageous to pro- 
vide additional support under turning gear mechanism 
82. 

Although the invention has been described for the 
purpose of illustration, it is understood that such detail 
is solely for that purpose and variations can be made 
therein by those skilled in the art without departing from 
the spirit and scope of the invention. 
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Claims 

1 . A support for a weight having a bottom surface com- 
prising: 

A flange having a flange bore, having a width; 
a base connected to and positioned below said 
flange; and 

a rod having a diameter less than the flange 
bore width, said rod having a first end attached 
to said weight and a second end protruding 
downwardly from said weight's bottom surface 
and through said flange bore, wherein said 
flange is moveable relative to the weight. 

2. A support according to claim 1 further comprising. 

a retainer attached to the second end of said 
rod and positioned such that said retainer cannot 
pass vertically upward through the flange bore. 
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A support according to claim 2, wherein the second 
end of said rod is threaded, and wherein said retain- 
er is a threaded nut mounted on said rod's second 
end, the threaded nut having an outside diameter 
greater than the flange bore width : or said retainer 
is a washer mounted on said rod and held in position 
with a threaded nut also mounted on the second 
end of said rod, the washer having an outside diam- 
eter greater than the flange bore width. 
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A support according to claim 2, wherein said flange 
has a flange thickness and said support further 
comprises a spacer mounted on said rod and inside 
the flange bore, fitted between said retainer and 
said weight, and having a length greater than the 
flange thickness, and optionally the spacer is inte- 
gral with said rod. 

A support according to claim 4, wherein the second 
end of said rod is threaded and wherein said retain- 
er is a threaded nut mounted on the second end of 
said rod, the threaded nut having an outside diam- 
eter greater than the flange bore width, and option- 
ally the spacer is integral with the threaded nut. 

A support according to claim 4, wherein the second 
end of said rod is threaded and wherein said retain- 
er is a washer mounted on said rod and held in po- 
sition with a threaded nut also mounted on the sec- 
ond end of said rod, the washer having an outside 
diameter greater than the flange bore width, and op- 
tionally the spacer is integral with the washer, and 
for example the washer has an upper face in contact 
with the spacer, a lower face in contact with the nut, 
and a protrusion on the lower face of the washer 
positioned to permit the nut to rotate without con- 
tacting the protrusion. 

. A turbomachine comprising a housing containing a 
rotor with a longitudinally-extending shaft, a bearing 
case containing a bearing to support the shaft and 
positioned adjacent to said housing, and at least 
one support system positioned beneath said bear- 
ing case, the or each said support system compris- 
ing: 

a flange having a flange bore having a width 
and supportingly contacting said bearing case; 
a base connected to and positioned below said 
flange; and 

a rod having a diameter less than the flange 
bore width, said rod having a first end attached 
to said bearing case and a second end protrud- 
ing downwardly from said bearing case and 
through the flange bore, wherein said flange is 
moveable relative to the bearing case. 

A turbomachine according to claim 7, wherein said 
support system further comprises: 

a retainer attached to the second end of said 
rod and positioned such that said retainer cannot 
pass vertically upward through the flange bore. 

A turbomachine according to claim 8, wherein the 
second end of said rod is threaded, and wherein 
said retainer is a threaded nut mounted on said 
rod's second end, the threaded nut having an out- 
side diameter greater than the flange bore width, or 
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said retainer is a washer mounted on said rod and 
held in position with a threaded nut also mounted 
on the second end of said rod, the washer having 
an outside diameter greater than the flange bore 
width. 5 

10. A turbomachine according to claim 8, wherein said 
flange has a flange thickness and said support sys- 
tem further comprises a spacer mounted on said 
rod and inside the flange bore, fitted between said 10 
retainer and said weight, and having a length great- 
er than the flange thickness. 

11. A turbomachine according to claim 1 0, wherein the 
second end of said rod is threaded and wherein said 75 
retainer is a threaded nut mounted on the second 
end of said rod, the threaded nut having an outside 
diameter greater than the flange bore width. 

12. A turbomachine according to claim 10, wherein the 20 
second end of said rod is threaded and wherein said 
retainer is a washer mounted on said rod and held 

in position with a threaded nut also mounted on the 
second end of said rod, the washer having an out- 
side diameter greater than the flange bore width, 25 
and for example the washer has an upper face in 
contact with the spacer, a lower face in contact with 
the nut, and a protrusion on the lower face of the 
washer positioned to permit the nut to rotate without 
contacting the protrusion. 30 

13. A turbomachine according to claim 7, wherein said 
support system comprises a plurality of supports 
positioned beneath said bearing case. 
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Figure 1 
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Figure 2 
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Figure 5 
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